INTRODUCTION 1. UVOD
Wood heat treatment by pre-pyrolysis is used to improve wood properties such as its decay durability and dimensional stability without chemical treatment (Rowell et al., 2009; Kamdem et al., 2002) .
Wood heat treatment has become widespread in forestry and wood industry. According to statistics, the production volume of ThermoWood increased from 18799 m 3 in 2001 to 159333 m 3 in 2015. Also, almost half of the production volume implemented in 2015 was produced from pine wood (ThermoWood Production Statistics, 2015) .
Thermal treatment at high temperature causes considerable changes in the chemical composition of wood. During heat treatment, hemicelluloses are degraded, ramifi cation of lignin takes place, the relative amount of crystalline cellulose increases due to degradation of the amorphous components, extractive content decreases and wood acidity increases (Weiland and Heat treatment process has shown some negative effects on the mechanical strength of wood. The reduction of mechanical strength may limit the use of heattreated wood in fi elds requiring high strength ( Kartal et al., 2008) .
During the heat treatment process, degradation of hemicelluloses releases acetic acid, which acts as a catalyst for decomposition of carbohydrate. Decomposition of carbohydrate results in strength and mass loss. Acid concentration, leading to strength loss in heat-treated wood increases with increasing treatment temperature and duration (Tjeerdsma et al., 1998; McDonald et al., 1999; Sivonen et al., 2005; Sundqvist et al., 2006) . In recent years, numerous studies have been performed by using various methods in order to improve the mechanical properties of heat-treated wood. Kartal et al. (2008) studied the effects of boron impregnation and heat treatment on chemical and mechanical properties of wood. Thus, wood samples treated with either boric acid (BA) or di-sodium octoborate tetrahydrate (DOT) solutions were exposed to heat treatment. They reported that BA and DOT treatments decreased the pH value of wood. Additionally, MOR losses after heat treatment in DOT-treated samples were found to be higher than in the untreated samples. Awoyemi and Westermark (2005) studied the effects of borate impregnation that were applied to wood before heat treatment on the strength properties of thermally modifi ed wood. It was found that borate impregnation reduced the severity of the strength loss during heat treatment and this was attributed to the buffering effect of the alkali on the acidity of wood, which could have mitigated the degree of degradation. LeVan and Winandy (1990) stated that acidic fi re retardant chemicals and high temperature increased the degree of acid hydrolysis in the wood, thereby causing a loss in strength. Wang et al. (2012) studied the effect of pH on chemical and mechanical properties of thermally modifi ed wood. They found that disodium octoborate tetrahydrate (pH = 8.3) and buffering solutions reduced the mass loss of thermally treated wood and improved the modulus of rupture and modulus of elasticity. Chemical analyses also showed that degradation of hemicelluloses was inhibited by disodium octoborate tetrahydrate and boric acid/sodium hydroxide (buffering solutions) pretreatments within the temperature range of 180-200 °C, which may explain the mechanical property improvement. Winandy (1997) stated that using boron-based buffers before thermal treatment reduced the severity of thermal degradation. Percin et al. (2015) determined that the mechanical strength losses of samples impregnated with borax were generally lower than those of non-impregnated controls.
In previous studies, the strength loss in heattreated wood was reported to be related to acid concentration. In this study, some basic catalysts (50 % NaOH and 47 % KOH solutions, solid KOH) were used in order to investigate the effects of the basic catalysts added to the heat treatment process on the modulus of rupture (MOR) and chemical changes revealed by FT-IR ATR spectroscopy.
MATERIALS AND METHODS

MATERIJALI I METODE
Wood material
Drvo
Scotch pine (Pinus sylvestris L.) sapwood samples (non-defi cient, without decay and insect damages) were selected as test materials. At least 28 samples with dimensions of 20 mm x 20 mm x 300 mm per treatment were oven dried at 103 ± 2 °C until a constant oven-dry weight was obtained prior to heat treatment experiments.
Catalysts 2.2. Katalizatori
The commercial catalysts used in the experiments were 50 % sodium hydroxide (NaOH) solution, 47 % potassium hydroxide (KOH) solution and solid potassium hydroxide (KOH). NaOH and KOH solutions were purchased from Merck, and solid KOH was purchased from Sigma-Aldrich.
The technical specifi cations of the catalysts are given in Table 1 . (Sigma Aldrich Product Specifi cation Sheet, 2013; MERCK Use Information Sheet, 2016a; MERCK Use Information Sheet, 2016b).
Heat treatment experiments 2.3. Provedba toplinske obrade
Heat treatment experiments were performed in a vacuum oven under the nitrogen atmosphere at the temperature of 212 °C for 2 h. During the experiments, the heating rate and temperature were controlled with a PID (Proportional-Integral-Derivative) controller. In a non-catalytic heat treatment experiment, the oven-dried samples were weighed and placed into the oven. In the catalytic heat treatment experiments, the oven was loaded with the samples and various amount of catalyst (15 %wt and 30 %wt). The samples were heated until a fi nal temperature of 212 °C and maintained for 2 h at this temperature. The fi nal, treatment system was stopped and allowed to cool down to a drying temperature of 103 °C under nitrogen atmosphere. The labeled test groups are given in Table 2 .
Determination of mass loss and MOR
Određivanje gubitka mase i modula loma
The mass loss (ML) of the samples was determined according to equation (1) . (1) Where: ML -mass loss (%), M ut -initial oven-dry mass of the sample before heat treatment (g), M t -oven-dry mass of the same sample after heat treatment (g).
The samples with dimensions of 20 mm x 20 mm x 300 mm were conditioned at 20 ± 2 ºC and 65 ± 5 % relative humidity for about 15 days to reach the equilibrium moisture content prior to MOR tests. MOR of the samples was tested according to Turkish standard (TS 2474 (TS , 1976 . At least 28 samples were used for each treatment group to determine MOR. FT-IR spectra of untreated, heat-treated and catalytic heat-treated wood samples were determined by using an Alpha FTIR-ATR instrument (Bruker Alpha FTIR-ATR instrument).
Spectra were determined directly using ATR technique in the range from 4000 to 400 cm -1 with a resolution of 4 cm -1 .
Statistical analysis 2.6. Statistička analiza
An analysis of variance (p ≤ 0.05) was conducted to evaluate the importance of differences between experimental groups. In order to measure specifi c differences between pairs of means, post hoc test was performed. Signifi cant differences between the groups and homogeneity groups were determined by Duncan's multiple range test (DMRT).
RESULTS AND DISCUSSION
REZULTATI I RASPRAVA
Mass loss and modulus of rupture
Gubitak mase i modul loma
The mass loss and MOR test results of heat treatment experiments are given in Figures 1 and 2 .
The analysis of variance (p ≤ 0.05) was conducted to evaluate the effects of heat treatment performed in the presence of different catalysts on mass loss and MOR. The test results showed that the parameters that affect mass loss and MOR were statistically signifi cant. Subsequently, the Duncan's multiple range test was applied in order to determine homogenous groups (Table 3) .
According to Table 3 and Figure 1 , the use of solid KOH resulted in the highest mass loss of heattreated wood samples. Due to the acid-reducing effects of the catalysts used on wood, the mass loss of the samples generally reduced as compared to non-catalytic heat treatment. There were signifi cant reductions in MOR of samples after heat treatment both in the catalytic and non-catalytic treatments ( Table 3 ). As seen in Figure 2 , heat treatment experiments performed in the presence of catalyst decreased the degree of strength loss of wood as compared to non-catalytic heat treatment. The strength (MOR) loss of samples heat-treated in the presence of solid KOH was found to be only 5.4 %, while the strength loss in non-catalytic treatment was found to be 12.5 %. However, the samples MOR was not signifi cantly affected by the amount of catalyst, except for solid KOH, which was a bit different.
After heat treatment, the lowest mass loss (4 %) was found in samples heat-treated in the presence of solid KOH. Correspondingly, the highest MOR (59.56 N/mm 2 ) was found in the same samples and the lowest (55.04 N/mm 2 ) in non-catalytic (heat-treated) samples. The results showed that the use of catalyst (NaOH and KOH solutions, solid KOH) in heat treatment, especially solid KOH decreased the degree of strength loss. The most likely reason is that the use of catalyst reduces the release of acetic acid leading to strength loss in heat-treated wood. Awoyemi (2008) stated that the use of buffer reduces the release of acetic acid. Consequently, the degree of strength loss of heat-treated wood decreases signifi cantly with increasing borate concentration from 0.1 to 0.3 M. This was undoubtedly due to the buffering effect of alkali on the strength properties of heat-treated wood. cates that the use of the catalyst in heat treatment reduced the hemicellulose degradation.
CONCLUSIONS
ZAKLJUČAK
The effects of heat treatment in the presence of catalyst on the chemical structure and MOR of scotch pine wood were investigated. Heat treatment in the presence of catalyst (NaOH and KOH solutions, solid KOH), especially commercial solid potassium hydroxide (KOH) could decrease the degree of strength loss and mass loss by reducing the release of acid leading to thermal degradation during heat treatment. According to FTIR analysis results, these differences could be attributed to the buffering effect of the catalysts on the strength properties of heat-treated wood.
Absorbance / apsorpcija
Wavenumber / valni broj, cm -1 The MOR losses of samples heat-treated in the presence of solid KOH (5.4 %) were lower than those in the presence of KOH solution (7.6 %), NaOH solution (10.7 %) and non-catalytic (12.5 %). However, significant differences between homogeneity groups were only found in treatments in the presence of solid KOH.
